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(54) An oxide fluorescent glass capable of exhibiting visible fluorescence 

(57) A glass material which is capable of exhibiting fluorescence in the visible regbn by ultraviolet ray excitation 
is represented, in term of atoms for making up the glass, by the following chemical composition (mol %): 



SiOg 
B2O3 
RO 



2 to 60%. 

5 to 70 % (SiOg + B2O2 = 50 to 70 %) 

5 to 30 % (R: at least one atom selected from Mg, Ca, Sr and Ba) 



ZnO 
2r02 

TbaOg or EugOg 
LngOa 



0to15% 
Oto10%, 

2 to 15 % (containing either Tb203 or EU2O3) 

0 to 20 % (Ln: at least one atom selected from Y, La, Gd, Yb, Lu, Sm, Dy and Tm) 



964 Al 


Ce02 
BiaOa 


0 to 1 % 
0 to 2 % 


EP 0 847 


SbaOa 

R'gO 
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Description 

This invention relates to a material for converting an invisible uttra-violet ray into a visually observable visible ray 
with high efficiency, and is concerned with an oxide fluorescent glass capable of exhibiting visible fluorescence, which 

s is useful for controlling an optical axis of a laser beam such as an excimer laser and can be applied to fluorescent 
tubes for lamps, fluorescent fibers, backlights or LED display devices. 

Phosphors using rare earth elements have been used widely up to the present time, mainly, as phosphors for 
lamps, color picture tubes, etc. Of late materials for the anti-Stokes-wise wavelength conversbn of infrared light into 
visible light have extensively been studied, for example, as to application to laser materials. 

10 The Tb ion showing a green fluorescence has been put to practical use in color picture tubes, high color rendering 

fluorescent lamps, etc. The Eu ion showing a fluorescence with a narrow spectrum width in the red region has been 
put to use in color picture tubes, high color rendering fluorescent lamps, etc. As described above, a phosphor using 
Tb or Eu has already been put to practical use, but such a phosphor is an opaque material which is obtained by coating 
a suitable carrier with a powdered phosphor to thus give only a superficial omissbn. 

IS As a glass utilizing the fluorescence of Tb or Eu, there have been used those described in Japanese Patent Pub- 

lication No. 27047/1982 and 27046/1982 and Japanese Patent Laid-Open Publication No. 133780/1996. 

However, the glasses described in these publications, for example, in Japanese Patent Publication No. 27047/1 982 
contain only at most 1 .5 mot % of EU2O2 as a fluorescent agent. In the case of Japanese Patent Publication No. 
27048/1982, only at most 1 .5 mol % of Tb202 is contained as a fluorescent agent. In such a degree of concentration 

20 of EugOs or Tb203 insufficient fluorescent intensity is obtained. In the case of Japanese Patent laidOpen Publication 
No. 133780/1996, a large amount of the fluorescent agent is included, but a fluorophosphate is used and thus, pro- 
duction of a glass for a fluorescent lamp or large-sized glass plate is difficult due to its low heat tolerance and bw glass 
strength. 

It is an object of the present invention to provide a Tb- or Eu-containing oxide fluorescent glass whereby the above 

25 described problems of the prior art can be solved. 

It is another object of the present invention to provide a Tb- or Eu-containing oxide fluorescent glass in which a 
large quantity of Tb or Eu can be incorporated, concentration quenching is restrained and a strong fluorescence is 
exhibited in the visible region by irradiation of ultraviolet rays such as an excimer laser, and which has excellent thermal 
durability as well as high glass strength. 
30 These objects can be attained by an oxide fluorescent glass capable of exhibiting fluorescence in the visible region 

by excitation with ultra-violet rays, having a chemical composition comprising, at least, silicon (Si), boron (B) and oxygen 
(O), and further containing terbium (Tb) or europium (Eu) as a fluorescent agent. 

The accompanying drawings illustrate the principle and merits of the present invention. 
Fig. 1 is a graph showing a fluorescent spectrum glass prepared in Example 1 with Comparative Example 1 , excited 
35 by an ultraviolet ray of 365 nm. 

Fig. 2 is a graph showing a fluorescent spectrum of the glass prepared in Example 6, excited by an ultraviolet ray 
of 365 nm. 

Generally, the fluorescence of rare earth ions tends to be subject to concentration quenching and the basic ab- 
sorption of a glass matrix at the short wavelength side is shifted to the long wavelength side with increase in amounts 
40 of rare earth elements. Accordingly, capture of excited energy takes place by the non-emission center, so that a fluo- 
rescent material presenting a strong fluorescence cannot be obtained. This problem can first be solved by the present 
invention. Furthermore, thermal durability or glass strength can be improved by the use of an oxbe glass according 
to the present invention. 

That is, according to the present invention, there is provided (1 ) an oxide fluorescent glass capable of exhibiting 
^ fluorescence in the visible region by excitation with ultraviolet rays, having a chemical composition comprising, at least, 
silicon (Si), boron (B) and oxygen (O), and further containing terbium (Tb) or europium (Eu) as a fluorescent agent. 

Specifically, the present invention relates to (2) an oxide fluorescent glass capable of exhibiting visible flurescence, 
as described in the above (1 ), which is represented, in term of atoms for making up the glass, by the following chemical 
composition (mol %): 

so 



Si02 


2to60%, 


B2O3 


5 to 70 % (SiOg + B2O3 = 50 to 70 %) 


RO 


5 to 30 % (R: at least one atom selected from Mg, Ca, Sr and Ba) 


ZnO 


0to15% 


ZrOa 


0to10%, 


Tb203 


or EU2O3 2 to 15 % (containing either Tb203 or EU2O3) 
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(continued) 
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25 



30 
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40 
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SO 



LngOg 
CeOg 
Bi203 
SbgOa 



0 to 20 % (Ln: at least one atom selected from Y, La, Gd, Yb, Lu. Sm, Dy and Tm) 
0 to 1 % ' 

0 to 2 % 

0.01 to 0.5% and 

0 to 20 % (R': at least one atom selected from Li, Na and K) 



55 



2ove are asfoiom"^ composition range of each component of this oxide fluorescent glass to that described 
SIO2 is a glass-forming component, which is present in a proportion of 2 to 60 %, since if less than the lower limit 

L to^^hTn n ' r T" " *° ''^ "^"^ " "PP^^ -"-'""S tempeil 

IS too high to prepare the glass. The preferred range is 5 to 50% H"'«"ure 

It is dmSlHo frmJ rf '"'irrr'' '^i?*' "'^"""^ ^ °' ^ '° ^° "^^^ « '^^^ 'f^^" '^^^ '°wer limit, 

rt^s^ifficult to fomi the glass, while rf more than the upper limit, durability is deteriorated. The preferred range is 10 to 

The sum of SiOg + B2O3 should be 50 to 70 %, preferably 50 to 65 % 

nrn„^l?nf,h^^'i' ^"^ ^^^^^^"^ ^' ^"^ ^" Components for improving the melting 

properties of the glass, which are present in proportions of RO 5 to 30 %. ZnO 0 to 15 % and ZrOfe O to 10 % s^ncT? 

I « TH """ /'^i'^^^ "'"'^^^ '^'^ be crystallized, while less than the tower limtt. the gtess 
c^SSn? '"''°^P°^=«««^ the glass by incorporating RO (alkaline metal earth oxfdes) as an essential 

R-aO (R': at least one atom selected from Li, Na and K) acts to tower the melting temperature of a glass melt which 

IrSm'llZTT. r V° '° ' ^"^^''"^ '"^^ ^^^""^ '^Se.'he water re^stanc^srS^S 

and «ie tendency to devrtnf, cation .s increased, thus rendering the glass unstable. The preferred range is 0 to 15 % 

n.n.?h^ill?" f component capabto of presenting green fluorescence by uttravtolet excitation. This compo- 

r pri'r;r2.i I'ZT °' ' " ^ ' ^'^^ ' '""^^ "^^^^ 

.hn,S£ n'" ^" 'T''^"^ component capable of presenting red fluorescence by ultraviolet excitatton. This component 
Jngfis 2.3^^1''°^^^^^^ 

• ^"f ^^lu"' ^^^^^^ ^- °* Lu. Sm. Dy and Tm) is a component for increasina the 

si3 'n^rl L' T "h' '"T""?:"'''"^'''^- ^"^-"^ P--"^ a^roportli Of 0 tol 

smc^ If more than the above described range, the above described effect is detertorated. The preferred range is 0 to 

th» fhS H ^ I*"'"^ ^ °* '^''^^ P^^^^"^ *" ^ proportion of 0 to 1 %. but if exceeding 

llT T T " ^l^' « <=°'"P°"ent for exhibiting blue 2 

rescence when not containing Tb. The preferred range is 0 to 0.2 % 

the a^tSl d^.'Zr„!?I f ?r ^ °' P^'"""' ^ P^°P°^'°" °* ° '° 2 %, but if exceeding 

Sfe p^erreZn^e isTo °' "^^^ '^^^^^ '^'^ 

SbjOa is a component acting as a cleaning agent, which is present in a proportion of 0.01 to 0.5 %. but if exceedina 

th s eff^j;: fsXisT^r"' r T'"' °* """""'^^ " »ban the tower 

tnis enect is decreased. The preferred range is 0.02 to 0.2 %. 

Production of the oxide fluorescent glass capable of exhibrting visible fluorescence, according to the present in- 

r^amolesiS; H '^TJ'! <=-P°-^s to a proportion of the 0^X03^:, 

for example, silica, bone anhydride, zinc oxide, cateium carbonate, tert)ium oxide, europium oxide, etc metting the 
resulting mixture in the air at a temperature of 1200 to 1500 "C for 2 to 3 hours and allowing the miJlu ^^flow om 
into a metallic mold, foltowed by shaping. "'wiure ro now out 

Preferred embodiments of the present invention are described below 
(I) An oxide fluorescent glass capable of exhibiting visible fluorescence, as described in the foregoing (1 ) which 
IS represented, in tem, of atoms for making up the glass, by a chemical composition (mol o^) shown in Table 1 : 

Table 1 



SlOg 



5to50% 



i 
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10 



IS 



Table 1 


continued) 




10 to 60% 


Si02 + B2O3 


50 to 70 % 




15 to 25% 


ZnO 


Oto10% 


ZrOg 


. 0to4% 




0to15% 




2.1 to 11.3% 




2.3 to 117% 




Oto10% 


Ce02 


0 to 0.2% 


BigOa 


0 to 1 % 


SbgOa 


0.02 to 0.2% 



(Note) 

Q R: at least one atom selected from Mg, Ca, Sr and Ba 

C^R': at least one atom selected from LI, Na and K 

®Ln: at least one atom selected from Y, La. Gd, Yb, Lu, Sm, Dy and Tm) 

®elther Tb2Q3 or Eu2^ 



The present invention will now be illustrated in detail without limiting the same: 
Example 1 

Raw materials were mixed according to the weight ratios of Example No. 1 shown in Table 2 to give a composition 
of Example No. 1 shown in Table 3. In this case, CaO and BaO were given trom the corresponding carbonates or 
nitrates. The thus prepared raw materials were melted at a temperature of 1200 to 1500 °C for 2 to 3 hours, allowed 
to flow into a metallic mold and shaped to a glass in stable manner. 

When the resulting glass was excited by an ultraviolet ray of 365 nm, green fluorescence was exhibited to give a 
fluorescent spectrum shown in Fig. 1 . 

Examples 2 to 5 

Raw materials were mixed according to the weight ratios of the Example Nos. shown in Table 2 and melted in a 
similar manner to Example 1 to obtain glass compositions shown in Table 3 in stable manner. 

When the resulting glasses in Examples 2 to 5 were excited by an ultra-violet ray of 365 nm, similar spectra to 
Example 1 were obtained exhibiting green fluorescence. 

Example 6 

Raw materials were mixed according to the weight ratios of Example No. 6 shown in Table 2 to give a composition 
of Example No. 6 shown In Table 3. In this case, BaO and NagO were given from the corresponding carbonates or 
nitrates. The thus prepared raw materials were melted at a temperature of 1200 to 1500 for 2 to 3 hours, allowed 
to flow into a metallic mold and shaped to obtain a glass in stable manner. 

When the resulting glass was excited by an ultraviolet ray of 365 nm. red fluorescence was exhibited to give a 
fluorescent spectrum shown in Fig. 2. 

Examples 7 to 10 

Raw materials were mixed according to weight ratios of the Example Nos. shown in Table 2 and melted in the 
similar manner to Example 6 to obtain glass compositions shown in Table 3 in stable manner. 

When the resulting glasses in Examples 7 to 10 were excited by an ultra-violet ray of 365 nm, sirnjlar spectra to 
Example 6 were obtained exhibiting red fluorescence. 
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10 



IS 



20 



Table 2 







fa) 


example no. 


1 


2 


3 


4 


5 


6 


7 


p 

0 


Q 


1U 


Si02 


6.0 


o.U 


Q A 


10.4 


32.0 


32.0 


32.0 


23.0 


10.4 


6.0 


B2O3 


37.0 


40.0 


35.2 


33.2 


8.0 


8.0 


8.0 


31.0 


33.2 


37.0 


CaO 


10.0 


1 U.U 


HOC 


12.6 








14.3 


12.6 


10.0 


BaO 










32.0 


32.0 


32.0 








ZnO 


5.0 


5.0 


3.8 


2.0 


8.0 


8.0 


8.0 




2.0 


5.0 


Zr02 










5.0 




5.0 






NagO 










5.0 


5.0 


5.0 


7.9 






TbgOs 


15.0 


15.0 


15.0 


41.8 


8.5 












EU2O3 












130 


10.0 


17.9 


41.8 


80 


La203 


27.0 


27.0 


20.0 














20.0 


Gd203 






5.0 




1.5 










14.0 


Ce02 


0.1 


0.1 


0.1 




0.1 












Bi203 












2.0 




5.9 






SbgOs 


0.1 


0.05 


0.05 


0.2 


0.1 


0.2 


0.1 


0.2 


0.2 


0.2 



45 



SO 



55 



Table 3 



25 






(mol%) 


Example No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 




Si02 


10.0 


5.1 


13.5 


17.1 


48.2 


49.5 


48.2 


30.0 


17.0 


10.0 




B2O3 


53.4 


58.1 


48.9 


47.0 


10.4 


10.7 


10.4 


35.0 


46.8 


53.4 


30 


CaO 


17.9 


18.0 


21.7 


22.2 








20.0 


22.1 


17.9 




BaO 










18.9 


19.4 


18.9 








ZnO 


6.2 


6.2 


4.5 


2.4 


8.9 


9.1 


8.9 




2.4 


6,2 




Zr02 










3.7 




3.7 




35 


NagO 










7.3 


7.5 


7.3 


10.0 






Tb203 


4.1 


4.2 


4.0 


11.3 


2.1 














EU203 












3.4 


2.6 


4.0 


11.7 


2.3 






8.3 


8.4 


5.9 














6.2 




GdgOa 






1.3 




0.4 










3.9 


40 


Ce02 


0.06 


0.06 


0.06 




0.05 












Bi203 












0.4 




1.0 








SbgOa 


0.03 


0.02 1 


0.02 


0.07 


0.03 


0.06 1 


0.03 


0.05 


0.07 


0.07 



Comparative Example 1 

, J'^^^^^^'erials were mixed in a weight ratio caiculated from a glass composition known in the art; i.e. 75 % of B,0, 
17 A of t^aO, 2 % of AlgOg, 3.45 % of CaO. 1 % of la^O^. 0.05 % of EuPa and 1 .5 % of Tb^O^ (by mol %), melted 
at a temperature of 1000 to 2000 'C for 2 to 3 hours, allowed to flow into a metallic mold and shaped to obtain a glass 
in stable manner. In this case, the amount of Eu or Tb is less than in the Examples of the present invention 

When the resulting glass was excited by an ultraviolet ray of 365 nm and a f luroescence spectrum was measured 
a similar spectrum to Example 1 was obtained exhibiting green fluorescence. However, the emission intensity was 
given as the highest peak at 542 nm, corresponding to 1/3 times of that of Example 1, as shown in Fig. 1. 

Advantages of the Inventton 

The oxide fluorescent glass of the present invention is capable of converting an invisible ultraviolet ray into a 
visually observable visible ray with a high efficiency and available for controlling an optteal axis of a laser beam such 
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as an excimer laser. In addition, the fluorescent glass of the present invention can be applied to fluorescent tubes for 
lamps, fluorescent fibers, backlights or LCD display devices, so it Is expected that industrial applications of the present 
Invention will be enlarged. 

5 

Claims 

1. An oxide fluorescent glass capable of exhibiting fluorescence In the visible radiation region by excitation with 
ultraviolet rays, having a chemical composition comprising, at least, silicon, boron and oxygen, and further con- 

10 taining terbium or europium as a fluorescent agent. 

2. The oxide fluorescent glass capable of exhibiting visible flurescence, as claimed in Claim 1 , which Is represented, 
In term of atoms for making up the glass, by the following chemical composition (mol %): 



IS 


Sj02 


2 to 60 %, 




B203 


6 to 70 % (Si02 + B2O3 = 50 to 70 7o) 




RO 


5 to 30 % (R: at least one atom selected from Mg, Ca, Sr and 6a) 




ZnO 


0to15% 


20 


ZrOg 


0to10%, 


Tb203 or EU2O3 


2 to 15 % (containing either Tb203 or EU2O3) 






0 to 20 % (Ln: at least one atom selected from Y. La, Gd. Yb, Lu. Sm, Dy and Tm) 




Ce02 


Oto1.% 




BigOa 


0to2% 


25 


Sb203 


0.01 to 0.5% and 




R'20 


0 to 20 % (R': at least one atom selected from Li. Na and K) 



3. Use of an oxide fluorescent glass as claimed In claim 1 or claim 2 in controlling the axis of a laser beam, in fluo- 
rescent tubes for lamps, fluorescent fibers, backlights and LCD display devices. 

30 . 
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